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A recent publication on arXiv:1905.00668 suggests that the phase relationship within a frequency
comb can be reconstructed from a heterodyne measurement using a reference comb. In principle,
following this approach, such retrieval of optical phases appears possible, but should give rise to
a temporally constant signal. Instead, arXiv:1905.00668 provides experimental evidence for a pro-
nounced relative drift of the phases, which indicates that the modes of the comb are not coherently
phase-locked. This temporal drift can be explained if the comb under test is not equidistant. This
further means that the underlying temporal waveform is not repetitive and cannot be compressed
into a coherent short pulse. This artifact severely hampers suggested applications of quantum cas-
cade lasers in precision metrology. Moreover, the notion of designating multi-mode quantum cascade
lasers as frequency combs appears questionable.
In Ref. [1], Cappelli et al. suggest that the optical phases
ϕn of a frequency comb
EFC =
∑
n
En exp[i(ω0 + nωrept+ ϕn)] (1)
can be extracted from heterodyning the said comb with
a reference comb
Eref =
∑
n
E′n exp[i(ω
′
0 + nω
′
rep)t]. (2)
For simplicity, we assume a flat spectral phase of the ref-
erence comb. Here ω0 and ω
′
0 designate the central fre-
quencies (or carrier-envelope frequencies) of the combs.
ωrep and ω
′
rep determine the respective intermode beat
frequencies. In the following, we additionally set all am-
plitude factors to unity, i.e., E′n = En = 1 for simplicity.
The definition of Eq. (1) in [1] already raises two ques-
tions. First, the electric field in that equation is not real-
valued. Moreover, it is assumed that ωrep of the unknown
comb is a constant with respect to frequency. Given that
a quantum cascade laser (QCL) does not include any sat-
urable absorption effect, it appears questionable whether
a coherent phase-lock between the modes can be estab-
lished and whether the blind assumption of an equidis-
tant comb holds. In fact, the so-called cold-cavity modes
of a multi-mode laser are known to be not equidistant
due to chromatic dispersion of the intracavity chromatic
dispersion. To avoid some of the shortcomings in [1], a
more generally applicable picture results from the defini-
tion
EFC =
∑
n
an =
∑
n
cos[(ωCE + nωrep + n)t+ ϕn] (3)
for the comb under test. Here an additional parameter
n is introduced to account for possible small deviations
from equidistance of the comb. One then defines
Eref =
∑
n
bn =
∑
n
cos[nω′rept] (4)
for the reference comb. Heterodyning these two combs
on a photo detector gives rise to the heterodyne signal
S = |EFC + Eref |2 =
(∑
n
an +
∑
m
bm
)2
. (5)
Out of this heterodyne signal, one can select a particular
beat frequency signal
Sbeat(n,m) = cos[mω
′
rept] cos[(ωCE + nωrep + n)t+ ϕn].
(6)
Using the trigonometric identity 2 cos a cos b = cos(a −
b) + cos(a+ b), one isolates the rf signal as the difference
frequency term
Sdiff(n,m) = cos[(ωCE +nωrep−mω′rep + n)t+ϕn]. (7)
Ref. [1] now suggests that we have phase-coherent access
to the intermode beats and can exploit this for generating
a phase-coherent reference signal at frequency
ωref = nωrep −mω′rep, (8)
which give us access to extracting the in-phase signal
SI(n) =
t0+Tint∫
t0
cos(ωreft)Sdiff(n,m)dt (9)
via lockin detection with integration time Tint. In addi-
tion, we can retrieve the quadrature signal
SQ(n) =
t0+Tint∫
t0
sin(ωreft)Sdiff(n,m)dt. (10)
Using the same trigonometric relation as above we re-
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FIG. 1. Mode-to-mode phase slippage vs. measurement time.
Data has been extracted from Fig. 4(d) of [1]. Phase unwrap-
ping was applied according to the measured drift during the
first 77 s. Given the rather sparse phase sampling, this recon-
struction may grossly underestimate the decoherence effects
in the QCL.
move the rapidly oscillating components and simplify
SI(n) =
t0+Tint∫
t0
cos[(ωCE + n)t+ ϕn]dt (11)
SQ(n) =
t0+Tint∫
t0
sin[(ωCE + n)t+ ϕn]dt. (12)
In fact, assuming ωCE = n = 0, the integration be-
comes trivial, and ϕn can be extracted by computing
arctan[SI(n)/SQ(n)]. In the latter case, there is no
remaining time dependence in the integrand, and re-
peated measurements of the phase should always yield
the identical result. However, none of the measurements
in [1] shows the behavior predicted by Eqs. (11) and
(12). Instead, all longterm measurements in [1] show
pronounced temporal phase drifts in between the mea-
surements. These drifts contradict the authors’ initial
assumption that the ϕn of their comb be constant in
time and only fluctuations δϕn  pi be allowed.
For example, the measurement in Fig. 2(d) of [1] shows
irregular fluctuations δϕn  pi over a range of 1300 de-
grees. As this measurement involved two combs with
perfect equidistance such fluctuations can only be ex-
plained if the phase coherence was at least occasionally
corrupted in the signal processing chain. As this hap-
pened repeatedly it severely questions conclusions drawn
from the longterm measurements.
In contrast, the heterodyne measurement between a
QCL comb and a pulsed fs comb in Fig. 4(d) of [1] shows
a much more systematic and continuous variation of the
phase slope. Looking at the development of the beat note
during the first 77 s, the beat tone at 10 MHz drifts by
8pi whereas the phase of the beat tone at 40 MHz seems
to be nearly constant over time. Extracting the data
from [1], one can attempt to reconstruct the mode-to-
mode dephasing as a function of time, see Fig. 1. Given
that the phase was only sampled sparsely at time in-
tervals larger than one minute, this reconstruction may
grossly underestimate the decoherence effects inside the
laser. This behavior cannot simply be explained by im-
perfections in the carrier envelope frequency compensa-
tion or noise-induced errors in the unwrapping procedure,
and this trend systematically continues over subsequent
measurements of the heterodyne beats. This violates the
stated precondition for a frequency comb. In fact, the
most likely explanation appears to be a deviation from
equidistance, i.e., n is a non-trivial function of n.
The measurements in Ref. [1] therefore appear to be
the first clear evidence for long-suspected deviations from
equidistance in QCL frequency combs. As the phase data
in [1] have only been sparsely sampled in time, it is im-
possible to conclude from the published data how large
the deviations from equidistance actually are. The only
safe conclusion appears to be that the mode-to-mode de-
viation from equidistance is on the order of a hertz or
smaller. Given that QCL combs often encompass sev-
eral hundred modes, this means that deviations from
equidistance may readily accumulate to tens or hundreds
of hertz over the entire comb. Compared to typical in-
termode beat frequencies of several GHz, the deviation
from equidistance is still a small number that has obvi-
ously been overlooked in previous measurements. Never-
theless, such deviations seem to rule out the usefulness
of QCL combs in precision frequency metrology.
On the other hand, the non-equidistance of QCL combs
does not appear overly surprising. QCLs exhibit an ex-
tremely short upperstate lifetime in the few-picosecond
or even femtosecond range, which has to be compared
to typical cavity roundtrip times of more than 100 ps.
Given that there is no established saturable absorption
mechanism inside the QCL cavity, proven mode-locking
theories [2, 3] clearly rule out the persistence of a repet-
itive waveform. It therefore appears that QCLs are sim-
ply multi-mode continuous-wave lasers. As such, they
may still be useful, e.g., for dual-comb spectroscopy with
kHz spectral resolution. Nevertheless, it appears advis-
able that the QCL community adopt to a more realistic
view of the limitations of their so-called QCL frequency
combs.
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